Context. Ultraviolet (UV) absorption cross sections are an essential ingredient of photochemical atmosphere models. Exoplanet searches have unveiled a large population of short-period objects with hot atmospheres, very different from what we find in our solar system. Transiting exoplanets whose atmospheres can now be studied by transit spectroscopy receive extremely strong UV fluxes and have typical temperatures ranging from 400 to 2500 K. At these temperatures, UV photolysis cross section data are severely lacking. Aims. Our goal is to provide high-temperature absorption cross sections and their temperature dependency for important atmospheric compounds. This study is dedicated to CO 2 , which is observed and photodissociated in exoplanet atmospheres. We also investigate the influence of these new data on the photochemistry of some exoplanets. Methods. We performed these measurements with synchrotron radiation as a tunable VUV light source for the 115 -200 nm range at 300, 410, 480, and 550 K. In the 195 -230 nm range, we used a deuterium lamp and a 1.5 m Jobin-Yvon spectrometer and we worked at seven temperatures between 465 and 800 K. We implemented the measured cross section into a 1D photochemical model. Results. For λ > 170 nm, the wavelength dependence of ln(σ CO 2 (λ,
Introduction
Exoplanets exhibit a wide variety of mass, radius, orbits, and host stars. Because of observational biases, most transiting exoplanets are very close to their parent stars and are highly irradiated, implying large UV fluxes and high atmospheric temperatures. The atmosphere of transiting hot Jupiters and hot Neptunes can be studied by spectroscopy at the primary transit (Tinetti et al. 2007b,a; Swain et al. 2008; Beaulieu et al. 2010; Tinetti et al. 2010; Beaulieu et al. 2011 ) and at the secondary eclipse (Swain et al. 2009a,b; Stevenson et al. 2010 Stevenson et al. , 2012 . Photochemistry has an important influence on the atmospheric composition of these exoplanets, from the top of the atmosphere down to 100 mbar (Moses et al. 2011; Line et al. 2011; Venot et al. 2012) . For these exoplanets and within this large pressure range, the temperature can vary roughly from 400 to 2500 K. To model correctly the photochemistry of these planets, we need to use absorption cross sections consistent with these temperatures for all the species whose photolysis plays an important role in either the formation/destruction of molecules or in the penetration of the UV flux into the atmosphere. Carbon dioxide (CO 2 ) is one of these species. It has been observed in extrasolar giant planet atmospheres (Swain et al. 2009a,b) , but cross section measurements (σ CO 2 (λ, T )) are extremely sparse above room temperature.
Some high-temperature measurements have been performed in the past but only at a few wavelengths. For instance, Koshi et al. (1991) measured the production of O( 3 P) in the photodissociation of CO 2 at 193 nm by using atomic resonance absorption spectroscopy behind reflected shock waves between 1500 and 2700 K. They saw that the production of oxygen atoms increases with the temperature. Before that, Generalov et al. (1963) measured σ CO 2 (λ, T ) behind a shock wave at temperatures up to 6300 K at 238 and 300 nm, and observed absorption up to 355 nm at 5000 K. These measurements, because of the technique employed, are limited to a narrow range of wavelengths and do not provide complete spectra. Nevertheless, they showed that the absorption of CO 2 increases at high temperature.
The first experiments dedicated to the determination of absorption cross sections of CO 2 at temperatures different from 298 K were motivated by solar system planetary studies (Mars, Titan, Venus, primitive Earth). Lewis & Carver (1983) measured σ CO 2 (λ, T ) between 120 and 197 nm at 202 and 367 K. They observed an enhancement of σ CO 2 (λ, T ) for the longer wavelengths when the temperature increases. This trend was confirmed by Yoshino et al. (1996) , who measured the absorption cross section of CO 2 at 195 and 295 K, between 118.7 and 175.5 nm. Parkinson et al. (2003) extended these measurements up to 192.5 nm for 195 K, and up to 200 nm for 295 K. They observed that the cross sections at 195 K were smaller than those at 295 K. Finally, still in the frame of Mars and Venus studies, Stark et al. (2007) explored a lower wavelength range and measured σ CO 2 (λ, T ) between 106.1 and 118.7 nm at 295 and 195 K.
During the same period, Jensen et al. (1997) used a heated cell traversed by a tunable laser to measure the absorption cross section of CO 2 at high temperatures. They obtained spectra from 230 to 355 nm at 1523, 1818, 2073, and 2273 K. In the frame of combustion studies, Schulz et al. (2002) measured the absorption cross section in shock-heated CO 2 between 190 and 320 nm, and for temperatures ranging from 900 to 3050 K. They fit the strong temperature dependence of σ CO 2 (λ, T ) with an empirical function. Oehlschlaeger et al. (2004) extended these data to higher temperatures (up to 4500 K). They measured the absorption of shock-heated carbon dioxide at four different laser wavelengths (216.5, 244, 266, and 306 nm) . They also fit the variation of σ CO 2 (λ, T ) with a semi-empirical formula. Jeffries et al. (2005) showed that the temperature dependence of CO 2 absorption in the UV could be used to determine the gas temperature, making this parameter a useful tool in combustion applications.
To our best knowledge, no measurements exist of the absorption cross section of CO 2 between 300 and 900 K in the wavelength range useful for exoplanetary studies (<190 nm). Here we report measurements of this parameter at 300, 410, 480, 550 K between 115 and 200 nm, as well as between 195 and 230 nm at seven temperature values between 465 and 800 K. We determine a semi-empirical formula to fit the temperature dependence for wavelengths longer than 170 nm. Finally, we study the effect of these new data on the atmospheric composition predicted by a 1D photochemical model of hot exoplanet atmospheres.
Experimental Methods and Procedures

Measurements
We used gaseous CO 2 of 99.995% purity. Tunable VUV light between 115 and 200 nm was obtained from the synchrotron radiation facility BESSY in Berlin. Measurements in this spectral range were performed using a three-meter focal length normal incidence monochromator (NIM) equipped with a 600 lines/mm holographically ruled grating with a linear dispersion of 0.56 nm.mm −1 and connected to a dipole magnet beamline (DIP12-1B) (Reichardt et al. 2001) . We recorded spectra of CO 2 with a resolution of 0.05 nm. Wavelength calibration was obtained by using the set of measurements of Yoshino et al. (1996) , Parkinson et al. (2003), and Stark et al. (2007) as a reference. The VUV radiation intensity was measured directly with a solar blind photomultiplier tube closed by a MgF 2 window (Electron Tubes Limited 9402B with caesium-telluride photocathode, see Fig. 1 ). The entrance of the cell was also closed by a MgF 2 window. With this configuration, the absorption cell is a cylinder with an optical path length of 133 cm. The signal coming from the photomultiplier was recorded through a pico ampere meter (Keithley) using an integration time of 1s per point. We recorded three points per resolution interval.
To account for the steady decrease of the incident VUV light intensity, which is caused by the decay of BESSY's storage ring current, two "empty-cell" spectra were recorded just before and right after each CO 2 spectrum. A synthetic empty-cell spectrum was then interpolated by considering a linear decrease of the incident light intensity in accordance with the recorded ring current decrease during our experiment time (1/2 hour approximately). Comparing the spectra we have acquired at different pressures, we estimate that this procedure leads to an uncertainty of 10% on the absorption cross section and that this error dominates over all other sources of errors.
Measurements in the 195 -230 nm range were performed at the Laboratoire Interuniversitaire des Systèmes Atmosphériques (LISA) in Créteil, France. We used a UV deuterium lamp and a 1.5 m Jobin-Yvon spectrometer. The experimental setup was the same as for the lower wavelength range (see Fig. 1 ), except that the optical path length was 147 cm. In this spectral range, we recorded spectra with a resolution of 0.3 nm. In both cases, an oven (Nabertherm) was used to heat the cell to a temperature of 1400 K. The temperature of the oven was constant and measured continuously at three fixed points along the tube.
Gaseous carbon dioxide was introduced into the cell at the desired pressure, which was monitored by two MKS Baratron R manometers (range 10 −4 to 1 mbar and 1 to 1000 mbar). All spectra were taken for at least three different pressures in the 0.2-1000 mbar range to check the reproducibility of our measurements. Comparing all the spectra we have acquired, we restricted the influence of the stray light by selecting only spectra that were free from any saturated absorption, i.e., with transmission greater than 10%. Even if the temperature of the oven is controlled at three different points, the temperature distribution of the gas inside the cell is not homogeneous along the optical pathway. Moreover, the temperature set by the oven (T set ) does not correspond to the effective temperature of the gas (T gas ). We calibrated the temperature of the gas in two steps. First, with a thermocouple type E, we measured the temperature at the center of the absorption cell, without gas. Figure 2 shows the relation between the set temperature and the temperature measured inside the cell at the center T max . As we can see, for T set =1273 K, the temperature at the center of the oven is only 856 K. We find that the maximum temperature in the cell is given by
Temperature calibration
We then measured the temperature gradient inside the absorption cell at different points in the cell (see Fig. 3 ). Figure 3 also shows that there is a middle area where the temperature is relatively constant, and the temperature decreases towards the extremities of the absorption cell. The temperature in the cell T gas (x) can be modeled using a symmetrized inverse exponential function with two limits
where T max (K) is calculated from Eq. 1, and T amb is the ambient temperature (298 K); x 0 (cm) and ∆x (cm) are determined by minimizing the χ 2 function using the measured data. x 0 corresponds to the position where T gas (x 0 ) = (T amb + T max )/2. The cell is heated by the oven and cooled by conduction from the part at ambient temperature outside the oven. An equilibrium is reached by the two processes that fix x 0 . Figure 4 shows the relation between x 0 and T set . We find that x 0 is given by
with x 0 in cm and T set in Kelvin. As we can see in Fig. 4 , |x 0 | varies by 30%, from 40 cm to 56 cm, in our temperature range. The fact that x 0 increases with temperature means that the cooling process becomes less efficient when the temperature increases. The value of ∆x is found to be constant for the whole temperature range and is equal to 9 cm. 
Calculation of the absorption cross section
When the temperature is constant in the cell, absolute photoabsorption cross sections can be calculated using the Beer-Lambert law
where σ corresponds to the absorption cross section (cm 2 ), I 0 is the light intensity transmitted with an empty cell, I is the light intensity transmitted through the gas sample, L is the absorption path length (cm), and n is the volume density of the gas (cm −3 ), following the relation P = nk B T , where T (K) and P (Pa) are, respectively, the temperature and the pressure of the sample and k B the Boltzmann constant.
As explained in Sect. 2.2, in our experiments the temperature is not constant along the optical pathway, so we can not use the Eq. 4 since the density depends on T . Consequently, the light transmitted through the cell should be integrated step by step along the optical pathway and the data should be inverted in order to retrieve the absorption cross sections. In order to simplify the problem, we consider a mean temperature T mean for the gas along the pathway −x 0 to x 0 (Fig. 5 ). This way, we can assign one spectrum to one temperature. The mean temperature is calculated by integrating Eq. 2 from −x 0 to x 0 and normalizing by 2x 0 . The portion of gas out of the range [−x 0 ; x 0 ] is considered to be at ambient temperature. The mean temperature calculated is then used to calculate the absorption cross section. For instance, with T set = 453 K, the maximum temperature reached is in fact T max =420 K and we determined an absorption cross section for a mean temperature T mean = (410±15) K. In our case, the intensity I is attributable partly to the section at the ambient temperature and partly to the section at the mean temperature.
The absorbance of the portion of gas at ambient temperature is subtracted from the overall absorbance measured with the heated gas. We calculate the absorption cross section at the mean temperature with the formula
where σ(T amb ) and σ(T mean ) (cm 2 ) are the absorption cross sections at ambient temperature and at the mean temperature of the gas, n amb and n mean (cm −3 ) are the volume densities of the gas in the portion at T amb and at T mean , respectively. L mean = 2x 0 and L amb = L − 2x 0 (cm) are the portion of gas at T mean and at T amb , respectively. We validated a posteriori this approximation by comparing measured transmissions at different temperatures and pressures, with the transmissions obtained from the complete radiative transfer through the cell taking into account the temperature variation along the optical path and the temperature variation of the absorption cross section presented in the next section. Results are generally in agreement to better than one percent (see Fig. 6 ).
Results and Discussion
Photoabsorption cross section from 115 nm to 200 nm
Before heating the gas, we measured ambient temperature (300 K) spectra of CO 2 in order to calibrate and compare it with the previously published data (Yoshino et al. 1996; Parkinson et al. 2003; Stark et al. 2007 ); our measurements agree very closely with these measurements with a difference of less than a few percentage points for all wavelengths. Our measurements at room temperature did not go up to 200 nm, so between 170 and 200 nm we use the data of Parkinson et al. (2003) .
Then, we measured σ CO 2 (λ, T ) at three different temperatures: 410 (± 15) K, 480 (± 25) K, and 550 (± 30) K. We show these data in Fig. 7 . Between 115 and 120 nm we see a change of the cross section which depends on the temperature. At 120 nm, the absorption cross section is ten times higher at 550 K than at 300 K and an increase of a factor of 2.5 is observed at 121.6 nm between the lower and the upper temperature. Slight differences of up to 50% can be observed between 125 and 140 nm while between 140 and 150 nm differences are minor. After 160 nm, we clearly observe large differences between the different temperatures. The slope of the cross section varies with the temperature. The higher the temperature is, the less steep is the slope. At 195 nm, there is a factor ∼200 between σ CO 2 (λ, 300 K) and σ CO 2 (λ, 550 K). 
Photoabsorption cross section from 195 nm to 230 nm
We measured σ CO 2 (λ, T ) at seven different temperatures: 465 (± 20) K, 510 (± 25) K, 560 (± 30) K, 610 (± 35) K, 655 (± 45) K, 750 (± 55) K and 800 (± 60) K. As for the cross section at shorter wavelengths, we clearly see the dependence on the temperature in this wavelength range and the increase of the cross section for high temperatures (Fig. 8) . As we plotted the data obtained previously at shorter wavelengths in this figure, we see good agreement between the two ranges. Especially, we see that σ CO 2 (λ < 200 nm, 550 K) matches almost perfectly with σ CO 2 (λ > 195 nm, 560 K).
Determination of an empirical law
For wavelengths longer than 170 nm, we parametrize the variation of ln(σ CO 2 (λ, T ) × 1 Q v (T ) ) with a linear regression is the partition function. Figure 8 compares the absorption cross sections obtained with this calculation to the measurements. We can see that the parametrization is very good. In this wavelength region, measurements at ambient temperature have been obtained with high resolution (Cossart-Magos et al. 1992 . The narrow bands that have been identified in this study allow us to make the assumption that the continuum is made of the superposition of bands corresponding to transitions from high vibrational states of the electronic ground state to different vibrational states of the upper electronic states 1 B 2 , 1 A 2 , or 3 B 2 (see Cossart-Magos et al. 2005 ). If we suppose that at each wavelength we associate only one transition coming from a defined vibrational level having an effective energy, the cross sections which are proportional to the population of the lower level should have a Boltzmann like temperature dependence (ln σ CO 2 (λ, T ) × Q v (T ) = −hcν/k B T +Cste). So, the coefficients a(T ) and b(T ) plotted as a function of hc/k B T (= 1.44/T ) should give a straight line from which we could obtain the ground state frequency of the vibration mode involved in the electronic transition. Trying to use this model did not give a good parametrization of our data. Consequently, we chose to keep our parametrization given by Eq. 6 which has no physical meaning but simply allows us to parametrize our data with only four parameters. This greatly simplifies the implementation of the temperature dependency of the absorption cross sections in the radiative transfer codes.
Our results are not compatible with the data of Schulz et al. (2002) . We used their formulation ln σ(λ, T ) = a + bλ with the coefficients a and b given in their paper, to determine the absorption cross section of CO 2 for some temperatures in the range 900-3500 K. The absorption cross section calculated for T =940 K falls in between our data for 655 K and 750 K. Also, the value found with their calculation for T =1160 K is only slightly higher than our data at 800 K. Schulz et al. (2002) may have overestimated the temperature in their measurements. Or, another possible problem in their measurement is that their background signal (I 0 ) is measured at ambient temperature. Thermal emission is therefore not taken into account when their samples 
Application to exoplanets
We investigated the impact of the temperature dependency of the CO 2 cross section on a prototype planet whose characteristics are similar to those of the hot Neptune GJ 436b. We chose this planet because the temperature of its upper atmosphere is around ∼500 K which corresponds to the highest temperature for which we measured the cross section between 115 and 200 nm. This exoplanet was discovered in 2004 by Butler et al. (2004) . Its semi-major axis is a = 0.02887 (± 0.00095) AU and its mass is M.sini = 0.0737 (± 0.0052) M J (Southworth 2010) .We considered three different types of host stars: an M, a G, and an F star. We used the spectra of GJ 644 (M3V, Segura et al. 2005) , the Sun (G2V, Gueymard 2004), and HD 128167 (F2V, Segura et al. 2003) , scaled to get the bolometric flux received by GJ436b. Figure 9 compares the flux received at the top of the atmosphere of a GJ 436b-like planet with the different stars. We used the model described in Venot et al. (2012) and the same temperature profile as Line et al. (2011) calculated by Lewis et al. (2010) . Although this is not a realistic assumption, we used the same temperature for all three host stars. To model the vertical mixing, we considered an eddy diffusion coefficient constant K zz = 10 8 cm 2 .s −1 . Elemental abundances of the atmosphere of this planet are highly uncertain (Stevenson et al. 2010; Madhusudhan & Seager 2011) . So we assumed a heavy elemental enrichment of 100 compared with solar abundances (Grevesse & Sauval 1998) , which is arbitrary but higher only by a factor of 2 than the carbon enrichment of Uranus and Neptune (Hersant et al. 2004 and references therein). Consequently we obtained a high abundance of CO 2 .
CO 2 has two routes to photodissociate : Depending on the energy of the photons, one route is favored over the other. The quantum yield for these two photolyses, q 4 (λ) and q 5 (λ), are presented in Table 1 (Huebner et al. 1992) . We see that at longer wavelengths, CO 2 photodissociates through the route J4. We assume that it remains the same at high temperature. The loss rate of a photolysis Jk corresponds to the loss of CO 2 because of this photolysis. It is given by
where n CO 2 is the density of CO 2 (cm −3 ) and J k CO 2 is the photodissociation rate of CO 2 by the photodissociation Jk
where [λ 1 ; λ 2 ] is the spectral range on which CO 2 absorbs the UV flux, σ CO 2 (λ) the absorption cross section of CO 2 at the wavelength λ (cm 2 ), F(λ, z) the UV spectral irradiance at λ and the altitude z (cm −2 .s −1 .nm −1 ), and q k (λ) the quantum yield corresponding to the photodissociation Jk.
First, we find the steady-state composition of these atmospheres using the absorption cross sections available in the literature, which means at ambient temperature. Then, we replace the "ambient cross section" of CO 2 (σ CO 2 (300 K)) by the cross section measured at 550 K, between 115 and 200 nm(σ CO 2 (550 K)). For wavelengths between 200 and 230 nm, we use Eq.6 to determine σ CO 2 (550 K).
As we see in Fig. 11 (left) , changing the absorption cross section of CO 2 has consequences on the abundances of some species. For instance, when considering an M star at 5 × 10 −4 mbar with σ CO 2 (300 K), CO 2 has an abundance of 1.5 × 10 −2 , whereas with σ CO 2 (550 K), its abundance is only 0.82 × 10 −2 , which corresponds to a reduction of 45%. The compounds O( 3 P), CO, and NH 3 are also affected by the change of σ CO 2 (T ) at the same pressure. There is almost no difference in the case of the G star. But for the F star at 0.01 mbar, CO 2 is nearly eight times less abundant with σ CO 2 (550 K) than with σ CO 2 (300 K). Consequently, because CO 2 absorbs more photons, less NH 3 is destroyed and is 40 times more abundant than with σ CO 2 (300 K). We see that other species are also affected by the change of CO 2 absorption cross section, such as CH 4 , HCN, H 2 , and N 2 . To see these variations, we represented in Fig. 11 (right) the differences of abundances of the major species (i.e., for species with an abundance superior to 10 −10 ) between the two models. We see that the differences in abundances can reach almost 10 5 %, even for species which are not directly linked to σ CO 2 (T ), such as HCN in the case of the M star.
These differences are easily comprehensible. We chose the case of NH 3 to illustrate it. At high temperature, the absorption cross section of CO 2 is higher around 120 nm and for wavelengths superior to 150 nm, so CO 2 absorbs more UV flux than with the ambient cross section. Consequently, more CO 2 is photolysed. The UV photons that are now absorbed by CO 2 were absorbed by NH 3 when using σ CO 2 (300 K). Now NH 3 absorbs fewer UV photons, so less is destroyed. This can be generalized to the other species. Indeed, the general behavior of these curves can be explained in terms of the various opacity sources that peak at slightly different altitudes. Because of the competition among the different opacity sources in the atmosphere, all the species absorbing in the same range of wavelength as CO 2 are affected. We see in Fig. 12 that for pressures higher than ∼ 50 mbar, the total loss rate is not altered by the change of absorption cross section. For pressures lower than that, the total loss rate of CO 2 is ∼ 10 times more important with σ CO 2 (550 K) than with σ CO 2 (300 K). Between 10 and 5 × 10 −4 mbar, the loss rate of the photolysis process J4 is approximately equal to the total loss rate when we use σ CO 2 (550 K), whereas it is far from the case with σ CO 2 (300 K). Indeed, between 10 −3 and 10 mbar, the loss rate of J4 increases by a factor of 10-100 when we use σ CO 2 (550 K). At around 5 × 10 −4 mbar with σ CO 2 (550 K), the photodissociation process J5 is about 10 times less efficient in destroying CO 2 than with σ CO 2 (300 K). Nevertheless, we do not see any change in the abundance of O( 1 D). In both cases, with the M star we see a peak of destruction of CO 2 around 3 × 10 Total loss rate and photodissociation rates of CO 2 when using σ CO 2 (300 K) (green) and σ CO 2 (550 K) (red) in the atmosphere of GJ 436b when the planet orbits an M star (top), a G star (middle), and an F star (bottom).
It is with the G star that the difference of composition is the least important when we change σ CO 2 . This is quite normal because the flux received by the planet before 200 nm is lower than Comparison of the atmospheric composition of GJ 436b using σ CO 2 (300 K) (dotted line) and σ CO 2 (550 K) (full line) when the planet orbits an M star (top), a G star (middle) and an F star (bottom). Right: Differences in abundances (in %) between the results obtained with σ CO 2 (300 K) and σ CO 2 (550 K) for species that have an abundance superior to 10 −10 , for an M star (top), a G star (middle), and an F star (bottom).
with the M star and the F star (see Fig. 11 ). On the contrary, the difference of composition is the most important in the case F star, because it is the most important flux between 115 and 230 nm.
Since the VUV flux is more important with the F star than with the two previous cases, we observe in Fig. 12 that the total loss rate of CO 2 is approximately two times more important than for the G star case in the whole atmosphere. The total loss rate of CO 2 in the F star case is roughly twice as high as than in the M star case in the entire atmosphere, except for pressures around 10 −3 mbar, where it is more than three times lower. As for the two other cases, we observe that with σ CO 2 (550 K), the photodissociation rate of J4 is much more important.
Conclusion
We measured absorption cross sections of carbon dioxide at high temperatures for the first time, in the range 115-200 nm with a resolution of 0.05 nm and in the range 195-230 nm with a resolution of 0.3 nm. Between 115 and 200 nm, we measured σ CO 2 (λ, T ) at four temperatures: 300, 410, 480, and 550 K. For longer wavelengths, we made measurements at the following temperatures: 465, 510, 560, 610, 655, 750 , and 800 K. For λ > 160 nm, we clearly see that the absorption cross section increases with the temperature. Thanks to the quasi-linear variation of ln(σ CO 2 (λ, T ) × 1 Q v (T ) ) after 170 nm, we parametrize the variation of ln(σ CO 2 (λ, T ) × 1 Q v (T ) ) with a linear regression which allows us to calculate σ CO 2 (λ, T ) at any temperature in the range 170-230 nm. As we show for GJ 436b, these new data have a considerable influence on the loss rate of CO 2 , and on the atmospheric composition of exoplanets that possess high atmospheric temperatures. Placing a hot Neptune around different stars (M, G, and F), we find that the F star is the star for which the change of absorption cross section has the most influence. This information is important to model other planets, like HD 221287b (Naef et al. 2007 ), HD 31253b (Meschiari et al. 2011) , or HD 153950b (Moutou et al. 2009 ) which are orbiting F stars around 1.26 AU, so receive approximatively the same UV fluxes as in our simulations.
To model hot exoplanets, we recommend using cross sections relevant to the atmospheric temperature when available, or at least, as close as possible to the atmospheric temperature. Carbon dioxide is not the only absorbing species of exoplanet atmospheres. The influence of the absorption cross section of CO 2 on the atmospheric composition of GJ 436b is only illustrative because the photochemistry results from the fact that species shield each other according to their abundances and their cross sections. We expect that the effect of σ CO 2 (λ, T ) will be more important on other types of atmospheres, in particular CO 2 -rich atmospheres. But the real impact of the temperature dependence of σ CO 2 (λ, T ) can be evaluated only by taking into account the temperature dependence of all the other cross sections. Here, we simply show that it is necessary to establish this dependence for all species that absorb UV radiation. This work on CO 2 is a first step towards this goal. Because Venot et al. (2012) show that NH 3 is an important absorber around 200 nm and that it absorbs UV flux very deep in the atmosphere (in pressure regions that can be probed with observations), we plan to measure the absorption cross section of this molecule at temperatures higher than 300 K. Finally, a great deal of work remains to be done in this area which is essential for the photochemical modeling of hot exoplanet atmospheres, whether terrestrial or gaseous.
